The BB rat spontaneously develops insulin-dependent diabetes mellitus of autoimmune etiology. From breeding studies, one of the genes necessary for the development of diabetes in these animals is linked to RT1, the rat major histocompatibility complex. To better define the BB rat's RT1 -linked diabetogenic gene (RT1-DM), we have used restriction endonucleases BamH1 and EcoR1 in conjunction with an I-A alpha (class II mouse major histocompatibility complex) gene probe to study RT1 class II gene polymorphisms among diabetes-prone BB rats and the related non-diabetesprone BBN rats. Both BB and BBN rats are indistinguishable RT1 U by serologic methods. Four polymorphic chromosome types (la, Ib, Ha, and lib) were recognized among the control BBN rats. In contrast, all BB rats were homozygous (lla/lla). From the multiple breeding programs involved, we hypothesize that the BB rat's RT1 -linked diabetogenic gene is linked to an I-A alpha-defined gene of the type Ha chromosome. The ability to split the RT1 U of BB rats will provide a powerful tool to localize and characterize RT1-DM. DIABETES 33:700-703, July 1984.
ogenous insulin. The type I diabetes of the BB rat is of autoimmune etiology. Diabetes can be transferred to immunodeficient rats with activated splenic lymphocytes from recently diabetic BB rats 2 and can be prevented or cured with multiple forms of immunotherapy. 3 The BB rat has a severe T-cell immunodeficiency, exhibiting an almost total lack of peripheral T-cells while having a grossly normal thymus. 4 We and others have recently reported that in crosses of BB rats with normal rat strains, there are at least two genes necessary for the development of diabetes. 56 One determines the T-cell lymphopenia and is inherited by simple autosomal recessive genetics. The second is associated with RT1, the rat major histocompatibility complex (MHC). To further examine the BB rat's RT1-linked diabetogenic gene, termed RT1-DM, we have studied restriction fragment length polymorphisms using an I-A alpha probe (mouse class II MHC gene) in diabetes-prone BB rats and in control BBN rats, which are non-lymphopenic, non-diabetes prone, and derive from the same original colony as the BB rats.
MATERIALS AND METHODS
Animals. In 1979 spontaneous diabetes was observed in a colony of outbred Wistar rats at BioBreeding, a commercial breeding facility. These diabetic rats were interbred and became known as BB rats. They were transferred to the animal facilities of the Department of National Health and Welfare, Ottawa, Canada, where they continue to be maintained by Dr. P. Thibert. These BB rats have been interbred to maintain a high incidence of diabetes, but brother-sister inbreeding has not been established. Nondiabetic outbred Wistar rats, from the same original BioBreeding colony from which the BB rats developed, have also been maintained and interbred by Dr. Thibert; they serve as a control strain, and are termed BBN rats. Thus the BB and BBN rats share a common genetic background, are not true inbred or syngeneic strains, and are both serologically RT1 U , as are Wistar-Furth rats. All BB rats are lymphopenic and are diabetes prone (though only 40-60% develop clinical diabetes). BBN rats are never lymphopenic and do not develop diabetes. The BB and BBN rats used in these experiments were provided by Dr. Thibert
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DT bred from his stock in the animal facility at the Joslin Diabetes Center.
A new strain of BB-derived animals with 95% incidence Df diabetes (here termed BBxH) was derived by crossing BB with Long-Evans hooded rats. They were developed by Dr. Logothetopoulos (Best and Banting Institute, Toronto, Canada) and provided by Dr. Thibert. Rats from four different inbred diabetes-prone lines and a non-lymphopenic nondiabetes-prone line were provided by Dr. A. A. Like (University of Massachusetts Medical Center, Worcester, Massachusetts) and are called BB/W rats. Genomic DNA isolation. Approximately 2 cm of rat tail is snap frozen in liquid nitrogen and stored at -80°C until use. The tail is cut into 1-2-mm slices and placed in 15 ml 0.1 M NaCI, 0.2 M sucrose, 0.01 M EDTA, 0.03 M Tris-HCI, pH 8, on ice in a 50-ml conical centrifuge tube and homogenized using a Polytron (Brinkman, Westbury, New York). Then, 2.8 ml of 0.33 M EDTA, 0.66 M Tris-HCI, pH 9.2, and 1.0 ml of 10% SDS are added, mixed by inversion, and incubated at 65°C for 30 min. Next, 2.25 ml of 8 M potassium acetate is added, mixed by inversion, and incubated for 1 h on ice. Twenty milliliters of 100:1 chloroform :isoamyl alcohol is added, mixed by inversion, and centrifuged at 1000 x gfor 10 min at 4°C. DNA is precipitated from the aqueous phase with 50% final concentration of ethanol for 10 min at room temperature, washed with 10 ml of 95% ethanol, and then resuspended in 0.25-0.5 ml 10 mM Tris-HCI and 0.1 mM EDTA, pH 7.5. This method was adapted from a protocol provided by Drs. J. Weis and P. Benfey (Harvard Medical School, Boston, Massachusetts). I-A Alpha probe. The I-A alpha probe used in this study was isolated by Dr. Ben-Nun. It is a 1.3-kb genomic fragment of the I-A alpha gene of C57BI/10 mice and includes a portion of the alpha-1 domain and all the alpha-2, transmembrane, and cytoplasmic domains. There is considerable sequence homology among MHC genes in mammals 7 and it is assumed, though not confirmed, that this mouse class II gene probe recognizes rat class II MHC genes. Analysis of restriction enzyme polymorphisms. The method used is published elsewhere 8 except as noted below. Ten micrograms of rat DNA are digested to completion using restriction enzyme EcoR1 or BamH1 (Bio Labs, Beverly, Massachusetts) in appropriate buffer. DNA fragments are separated on 0.9% agarose gels, transferred to nitrocellulose filter paper, and hybridized with the I-A alpha probe labeled with 32 P by nick translation (sp. act. 2.5-5.0 x 10 8 cpm/(xg; 0.125 |xg probe in 50 ml per hybridization). Autoradiography is used to visualize bands that bind the I-A alpha probe after washing extensively with 0.3 M NaCI, 30 mM sodium citrate, and 0.1% SDS at room temperature followed by 30 mM NaCI, 3 mM sodium citrate, and 0.1% SDS at 50°C.
DNA fragments that bind the labeled probe, and are due to DNA sequence variability between animals in the rat RT1 class II genes or in surrounding genetic material. Such class II gene polymorphisms are common in mice and man using similar probes. 
RESULTS
The restriction enzymes used in this study (BamH1 and EcoR1) cleave DNA at distinct six base pair sequences. After complete digestion, rat tail DNA fragments were separated by size using gel electrophoresis, transferred to nitrocellulose filteYs, and examined using a 32 P-labeled cloned I-A alpha (class II mouse MHC) gene probe. Polymorphisms were detected as differences in the molecular size of the animals from the diabetes-prone BB population or BB-derived strains (N = 22 animals) are identical. From the patterns seen in autoradiograms such as that in Figure 1 , we have evidence for four chromosome types in the BBN population. Chromosome type la is BamH1 2.9 kb, EcoFM 8.2 kb; chromosome type Ib is BamH1 2.9 kb, EcoFM 1.7 kb; chromosome type lla is BamH1 2.4 kb, EcoFM 8.2 kb; chromosome type lib is BamHI 2.4 kb, EcoR1 1.7 kb. Thus lane 1 in Figure 1 represents a chromosome type Ib/ lib heterozygote; lanes 2-4, 7, and 14 represent type la/lb heterozygotes; lanes 5 and 9-11 represent lla/lla homozygotes; lane 12 represents a Ib/lb homozygote; lanes 13 and 16 represent la/lla heterozygotes; lane 15 represents a la/la homozygote. Chromosome types la/llb and Ib/lla cannot be distinguished (as in lanes 6 and 8) except by family studies. As expected, the mating of a BB animal homozygous for the BamHI 2.4-kb fragment with a BBN homozygous for the BamHI 2.9-kb fragment resulted in a BamHI 2.4-, 2.9-kb heterozygote offspring (lane 16 of Figure 1) . Table 1 summarizes our experience to date in typing BB and BBN rats. Twenty-two of twenty-two BB or BB-derived rats are type lla/lla homozygotes. This includes 12 BB rats (3 diabetic and 9 nondiabetic) from 9 litters, 5 BBxH rats (3 diabetic and 2 nondiabetic) from 3 litters, and 5 rats from 5 BB/W sublines. Each litter was produced by a different set of parents. In contrast, four different chromosome types exist in the non-diabetes-prone BBN population. Types la and Ib are the most common chromosomes among the BBN animals.
DISCUSSION
Restriction fragment length polymorphism was examined in 50 BBN rats (non-diabetes prone, non-lymphopenic), in 12 BB rats (diabetes prone, lymphopenic), and in 10 rats from 6 different BB-derived strains. The BBN population reflects the original colony in which diabetes spontaneously appeared and from which all BB rat strains were subsequently developed. Four different chromosome types (la, Ib, lla, and lib) were seen in the control BBN rat population. In contrast only one chromosome type was seen among members of the BB or BB-derived rat strains, all of whom were type lla homozygous. Previous studies by us and others have shown that a diabetogenic gene is linked to the expression of the BB rat's class I RT1 U antigen in crosses of BBs with non-RT1 U normal rat strains. 56 This MHC-linked diabetogenic gene (termed RT1-DM) seems to act recessively in that most diabetic rats in those breeding studies were homozygotes for RT1
U (approximately 8:1 RT1 U homozygotes to heterozygotes). However, RT1-DM may be expressed codominantly (as MHC genes are) with low disease penetrance in the heterozygote state. 5 From the same reports, it is apparent that there is an autosomal recessive gene that determines the severe T-cell lymphopenia of BB rats. This gene is also required for the development of diabetes in crosses of BB rats with normal rat strains, and is not linked to the MHC. Therefore, it is not surprising that the few BBN rats that are chromosome type lla homozygotes do not develop diabetes, as they are not lymphopenic.
Though the presence of restriction fragment length polymorphisms among the non-diabetes-prone BBN rats and the lack of such polymorphisms in BB and BB-derived animals could be due to chance, it would seem unlikely because of the multiple independently derived strains we have examined in this study and because of the history of the development of the BB and BBN rat strains. Early in the breeding, diabetic litters were interbred to produce the BB strain, while nondiabetic litters were also being interbred to produce the BBN strain. These two colonies have remained strictly segregated, though neither has been truly inbred. 1 Since at least four different chromosome types exist in the BBN population, RT1 class II gene polymorphisms almost certainly existed in the early "diabetes prone" BB colony when the incidence of diabetes was about 10%. Continuous positive selection for diabetes has increased the incidence of disease to 65% and would have involved selection for the RT1-DM gene that we hypothesize is linked to the type lla chromosome. These findings, linking the RT1-DM gene to chromosome type lla, can only be applied to these BB rat strains at present. It also seems unlikely that the gene that determines the T-cell lymphopenia of BB rats and that is necessary for the development of diabetes would be maintained in the colony without positive selection, because of its associated increased susceptibility to infection and neoplastic processes. The likely schema for the appearance of diabetes in the outbred Wistar colony at BioBreeding Labs would be: a mutation resulted in a T-cell immunodeficiency that permissively allowed for expression of a diabetes susceptibility gene (or genes) silently present in the colony at large.
The ability to split the BB rats RT1 U haplotype provides a powerful tool to localize, isolate, and characterize its MHClinked diabetogenic gene. By serologic methods the BB and BBN animals are not distinguishable (all RT1 U ). Breeding studies are in progress to determine the degree of linkage of the RT1-DM diabetogenic gene to I-A alpha-defined gene JOHN B BUSE AND ASSOCIATES polymorphisms in the BB rat, comparing type Ha chromosomes to types la, Ib, and lib, and to determine if RT1-DM is present in a specific I-A alpha-defined chromosome. From the data summarized, we suspect that only chromosome Ha carries RT1-DM in these BB rat strains. The existence of four different RT1 U chromosomes should allow direct comparison of DNA base sequences of closely related RT1 U regions, some of which carry RT1-DM.
